Purpose. A description of gait analysis during overground locmotion has been the subject of various studies, in relation to de scribing both the kinetic and spatial-temporal characteristics of walking. Measuring the gait of amputees using treadmills is a useful test to quantify locomotive ability, and a tool that helps to control gait parameters during rehabilitation. The aim of this study is to describe the kinetic and spatial-temporal characteristics of gait of rehabilitated amputees, measured with an instrumented treadmill. Methods. Twenty-four participants aged between 20 and 40 years were chosen, who had all suffered unilateral traumatic amputation either above or below the knee, and were classified as well-rehabilitated. Following a paperbased assessment form, the participants were subjected to gait analysis on an instrumented treadmill fitted with two force platforms. Results. The first peak vertical force of intact and amputated limbs presented higher values and was significantly (p 0.05) larger than the second peak vertical force for the amputated limb, indicating less propulsion during walking. A significant difference was observed in the load rate in intact and amputated limbs, indicating more overload in the intact limb. The spatial-temporal variables, cadence, step and stride length were significantly greater (p 0.05) in the below-knee than in the above-knee amputees. Conclusions. The kinetic and spatial-temporal characteristics of gait, measured with an instrumented treadmill, which were observed in all lower limb amputees involved in this study, were similar to the ones commonly reported in numerous studies on overground walking. Thus, treadmill gait training and control of the progress of rehabilitation with amputees is recommended.
Introduction
Amputation of the lower limb not only affects the ability to walk, but also has an impact on the ability of the individual to participate in various activities [1] , on body image perception [2] , and on quality of life in general [3] . Furthermore, a reduction in the capacity for walking with a prosthesis is associated with a decrease in carrying out activities of daily living [4] . The walking abilities of amputees requires great effort and has a heterogeneous and multifactorial origin, encompassing the general health of the individual who has undergone amputation and the influence of various contextual factors including age, sex, co-morbidity, social support and physiological factors [5] .
riley et al. [6] commented that a treadmill is a tool that helps to control walking speed, allowing for a more meaningful comparison of the kinetic parameters between sessions.
The most basic instrumented treadmills measure only one component of the ground reaction force, typically the vertical force [1] [2] [3] . Few studies report that treadmill walking is equivalent to overground walking in healthy subjects [7, 8] .
Some authors [6, [9] [10] [11] expressed the opinion that there are no clear differences between treadmill and overground gait and concluded that the mechanics are very similar. In contrast, several other authors [12, 13] pointed out several differences [14] , particularly that walking on a treadmill increases cadence and decreases the support period, the variability of the steps and several kinematic components.
Gait analysis on the treadmill and overground is used both in scientific approaches for investigating the neuronal organization and ontogenetic development of locomotion, and in a variety of clinical applications [12] ; however, the description of the gait parameters of amputees walking on an instrumented treadmill have not been reported.
Measuring walking speed of amputees with different levels of amputation is a useful test to quantify locomotor abilities during the progression of rehabilitation [15] [16] [17] [18] .
Most studies with amputees on a treadmill report the energetic expenditure required for walking and compare this expenditure in different levels of amputation [8, 19] or in different outdoor walking conditions [7] . Gait analysis performed on instrumented treadmills with well-rehabilitated and independent lower limb amputees provides kinetic and spatial-temporal information relevant for the development of metho do-logies which could help multidisciplinary rehabilitation teams. This contribution refers to the increase of ability, independence and safety during gait training, with the goal of achieving the fullest locomotor potential according to the level of amputation, age and activity level.
The purpose of this study was to describe the kinetic and spatial-temporal characteristics of the gait of rehabilitated and independent amputees, measured with an instrumented treadmill.
The hypothesis of this study is based on this question: Are the gait parameters of amputees with different levels of amputation similar to those commonly reported in numerous studies on overground walking?
Material and methods
This study examined twenty-four participants with unilateral amputation (14 below-knee and 10 aboveknee). The inclusion criteria for the present study were as follows: participants should have no associated health problems known to affect gait and/or balance, should not present decompensated hypertension or orthopaedic problems including arthritis or ligament problems in the intact knee, should be aged between 20 and 40 years, should present below-knee or aboveknee amputation or knee disarticulation due to trauma. The following inclusion criteria classified the subjects as well-rehabilitated: the absence of problems with the amputation stump, such as wounds, pain and hypertrophic scars; no problems with the prosthetic socket, such as excessive pressure, looseness or noises during walking; participants should carry out daily activities independently; should use a prosthesis for more than five years, should be with the same prosthesis for at least one year; and have no self-reported problems with alignment; nor should they have changed any of the components of the prosthesis in the month prior to testing.
The unilateral amputees used the same prosthetic components:
Above-knee amputation: CAT-CAM-type socket, 3r46 polycentric hydraulic knee, dynamic response feet (1D10)
Below-knee amputation: KBM-type socket with silicone and distal attachment, dynamic response feet (1D10).
The present study was approved by the ethics committee of the State University of Santa Catarina and conformed to the Helsinki Declaration of the World Medical Association. All of the subjects signed a Term of Free and Informed Consent. Data acquisition was performed at the Biomechanics Laboratory of CEFID-UDESC in Florianópolis-SC, Brazil.
An assessment form was employed to obtain personal details, the time since amputation, the time of adaptation to the prosthesis, and to check for fulfillment of the inclusion criteria of the study.
The Kistler Gaitway Instrumented Treadmill System™ ( Fig. 1 ) was used for treadmill gait assessment. It is a piezoelectric ground reaction force measurement system which is able to measure vertical ground reaction forces for complete, consecutive, multiple foot strikes during walking and running. It has been designed using a tandem force plate design (one plate in front of the other) and includes an algorithm which distinguishes left from right strikes. The system consists of the Gaitway software system data acquisition board, a dual force plate instrumented treadmill with an eight-channel charge amplifier, six user defined inputs, a foot discriminator circuit and a belt speed sensor.
This equipment allows the participants to easily set the walking speed. It also reports real time data through the Gaitway software, which enables the experimenter to inform the participants of the results of their evaluation immediately after the test. After an adjustment period of walking on the treadmill (about 10 minutes), the participants self-selected a comfortable speed. Data were collected with an acquisition frequency of 100 Hz, ten repetitions in a one-minute walk for each acquisition.
The number of repetitions was chosen based on the regularity of the dynamic and temporal standard of gait, the recording of the graphs of vertical force, and also the smallest standard deviation possible among the data collected.
The variables were described taking into consideration the prosthetic limb (PL) and the intact limb (IL) and the choice of them was based on those most commonly used in studies of gait vertical force. The kinetic variables (Fig. 2) refer to the behavior of the vertical ground reaction force: first force peak (FFP) corresponds to the period just after the heel touches the force plate and the center of gravity is traveling down toward the ground resulting in an increased reaction force from the ground in the vertical direction, while second force peak (SFP) corresponds to the toe pushing off the force plate applying a force onto the ground which is matched by an increase in the ground reaction force, while the Statistical analysis included analysis of variance (ANOVA) with two factors, the level of amputation and prosthesis, for the variables FFP, SFP, Lr, CAD, Lstep, Tstep, Lstride and Tstride. Walking speed was subjected to analysis of variance (ANOVA) with a single factor: the level of amputation. Pearson's linear correlation coefficient was calculated for the variables Lr and CAD for the pairs (prosthetic limb and intact limb).
Significance level was fixed at 0.05 (p 0.05). There are two limitations that need to be acknowledged regarding the present study. The first limitation concerns the difficulty of obtaining participants who meet the group inclusion criteria, since the subjects should be classified as well-rehabilitated. The second limitation was the impossibility of performing overground gait analysis to compare the data. Table 1 presents the participants' characteristics including age, body mass, height, gender, time since amputation and duration of using the prosthesis. No significant differences were observed between the two groups (below-knee and above-knee) on age, height, body mass, time since amputation and duration of using of prosthesis.
Results
For the 24 individuals with unilateral amputation it was possible to obtain the highest peak force, and in which limb it occurred, by calculating the difference between the first and second peak (Tab. There was a strong linear correlation for load rate among the 24 unilateral amputees (Fig. 3) , while the mean values in the intact limb and prosthetic limb were significantly different, indicating that the intact limb presented a higher load rate and, consequently, more overload.
The treadmill spatial-temporal parameters for all participants with two levels of amputation are presented in Table 3 . There was no significant difference between the walking speed of the below-knee group and that of the above-knee group.
The linear correlation of cadence in the intact limb and prosthetic limb was found to be strong (Fig. 4) , with a significant difference between the below-knee and above-knee levels, indicating lower cadence in transfemoral amputees group.
The mean values for step length, stride length and stride time are presented in Table 2 and Figure 5 , which show significant differences between below-knee and above-knee levels. Comparing the intact limb and prosthetic limb, the step and stride length variables were not significantly different. The variable stride time, the mean values for step length, stride length and the mean of stride time, were significantly different between below-knee and above-knee levels and the intact limb and prosthetic limb indicating greater stride time in the transfemoral amputees and the prosthetic limb.
Discussion
During walking on the treadmill it was observed that there was no significant difference between the speed of the below-knee and above-knee amputation groups, even though several studies on overground gait analysis demonstrated higher speeds in the case of below-knee amputations [20] [21] [22] [23] .
Numerous studies with overground walking [17, 18, HUMAN MOVEMENT 20, 24, 25] have reported that in below-knee and aboveknee amputees the vertical ground reaction force is smaller in the prosthesis limb when compared to the intact limb, indicating less propulsion during walking. Here, the difference between force peaks (FFP -SFP), which was significantly greater for the prosthetic limb, indicated the same characteristics: little toe-off in this active phase of gait. A series of reports in overground walking has shown that the heel strike and the toe-off of the prosthetic foot were inadequate and generated a compensatory response in the intact limb in both periods of double support [17, 18, [26] [27] [28] , and associated this with many factors: muscle weakness in the residual limb, altered sensitivity in the amputation stump, difficulty in controlling the prosthetic knee, and inefficiency of the components of the prosthetic foot. Other authors such as Silverman et al. [18] state that increasing hip extensor strength and output in the residual leg may be a useful mechanism to reduce vertical ground reaction force loading asymmetry between the intact and residual legs. Amputees have an increased risk of developing joint disorders in the intact leg due to an increased dependence on this limb [29, 30] . The importance of preventing these diseases must be noted, as it has been suggested that the age at the time of amputation has an adverse effect on walking potential. The analysis of this study identified that the loading rate during treadmill walking in individuals with unilateral amputation was higher in the intact limb with low propulsion of the prosthetic limb. We associate this fact to the lack of stability or equilibrium of the prosthetic limb, which causes a greater burden on the intact limb when its heel starts to hit the treadmill. It has been reported, in studies of overground gait, that unilateral amputees prefer to use the intact limb for weight discharge with a consequent decrease in speed of movement [20, 23, 31] . The findings suggest that reducing the speed of movement is important to protect the healthy limb against stress and repeated trauma, especially in patients whose etiology of amputation is vascular. Some authors, such as Fey et al. [32] state that exceeding the loading rate on the intact limb and the low level of propulsion with the prosthetic limb are due to muscle imbalance. They studied changes in muscle activity in below-knee amputees in response to increased walking speed and found that the differences occurred in the biceps femoris -the long head of the residual limb, the vastus lateralis and the rectus femoris. They commented that these adaptations are consistent with the need for additional support in order to propel the body forward in the absence of plantar flexors.
We observed that the spatial-temporal variables, cadence, step and stride length were significantly greater (p 0.05) in below-knee than in above-knee amputees. Some studies [21, 22] , associated with gait kinetic ana lysis of overground walking, clarify that the asymme tries in spatial-temporal parameters in below-knee subjects, compared to above-knee subjects, may be explained by maintaining the functional integrity of the knee joint, controlling the swing phase and activating a strong lever to achieve hip extension with this level of amputation.
In this study, the participants were classified as wellrehabilitated according to the inclusion criteria and all individuals were independent in terms of carrying out daily activities and leisure using proper prosthetic components.
However, the asymmetries found in kinetic and spatial-temporal variables in two levels of amputation, investigated here on an instrumented treadmill, have been reported in the literature for overground walking.
We thereby emphasize, in particular, that the maintenance of these characteristics in the long term may Figure 5 . Graph of step length, stride length and stride time, for two levels of amputation: below-knee and aboveknee, with and without prosthesis on treadmill gait 
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Step length Stride length Stride time be highly damaging to the intact joints and suggest that intervention in the rehabilitation process of the amputee should focus on protecting the intact limb from weight overload. Gait training of amputees on instrumented treadmills can facilitate the rehabilitation of walking with a prosthesis by means of increasing control over the asymmetries in the studied parameters as well as preventing injury, especially of the intact limb.
Conclusion
The present data strongly suggest that the kinetic and spatio-temporal characteristics of gait, measured with an instrumented treadmill, observed in rehabilitated and independent amputees with different levels of amputation, were similar to the results commonly reported in numerous studies of overground gait. Thus, treadmill gait training and control of the progress of rehabilitation with amputees is recommended.
